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ABSTRACT

This article discusses remote sensing of atmospheric temperatures with the NEMS microwave spectrom-
eter on the Nimbus 5 satellite, and the accuracy with which atmospheric temperatures can be determined by
NEMS. The sensitivity of the NEMS instrument allows measurement of temperature profiles having verti-
cal resolution of the respective NEMS weighting functions (~10 km) with an rms accuracy of a few tenths
of a degree Xelvin for a 16 s integration time. The accuracy of NEMS in estimating atmospheric tempera-
tures at the discrete levels (~2 km vertical resolution in the lower troposphere) used in the operational
numerical model of the National Meteorological Center (NMC) is ~2 K rms, as determined by comparing
NEMS results with ground truth data obtained from the NMC operational analysis and from coincident
radiosondes. These accuracies are consistent with the theoretical accuracies expected for NEMS.

1. Introduction

“The Nimbus 3 (Nimbus E) Microwave Spectrometer
cxperiment (NEMS) is the first application of micro-
wave techniques for the remote sensing of atmospheric
temperatures from an earth-orbiting satellite. Over
oceanic areas NEMS also measures atmospheric water,
both liquid and vapor. NEMS measurements can also
be used to infer surface properties. A previous publica-
tion (Staelin ef al., 1973) has briefly discussed the
experiment. A companion article (Staelin ef al., 1975a)
describes in detail the small extent to which clouds
affect the NEMS temperature measurements, and a
paper is in preparation (Staelin ef al., 1975b) which
describes  atmospheric  water measurements with
NEMS. Aircraft measurcments with the NEMS in-
strument have been described by Rosenkranz et al.
(1972).

A primary objective of the NEMS experiment was
to determine the accuracy with which microwave
techniques from earth orbit can provide vertical tem-
perature profiles; NEMS was not intended to provide
data for operational use. The purpose of this article
is to describe the accuracy of NEMS temperature
profile measurements as based on comparing results
obtained during its first six months of operation with
independent ground-truth measurements. The develop-
ment of techniques such as NEMS to measure global
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atmospheric temperatures is stimulated by the need
in numerical weather prediction for precise global mea-
surements of the three-dimensional temperature field
to be used as initial boundary conditions in mathe-
matical circulation models. The very important ques-
tion of the quantitative extent to which microwave
measurements can improve numerical weather predic-
tion must await their use in numerical circulation
models, and is outside the scope of this article. The
usefulness of the NEMS measurements can be indi-
cated, however, by comparing their accuracy with the
magnitude of the variations in the atmospheric tem-
perature, and is done here. Since the amount of
variation in the temperature profile depends upon the
size, location, and season of the region being con-
sidered, considerable statistical data describing both
the a priori temperature variation and the NEMS
accuracies for different locations and seasons are
presented below.

In order to provide perspective for NEMS, we here
briefly summarize the development of satellite tem-
perature sensing experiments, which has been an
active area of research over the past several years.
For a more detailed review of remote sensing from
spacecraft, the reader is referred to the article by
Houghton and Taylor (1973).

Determination of atmospheric temperature structure
by satellite measurements of atmospheric thermal
emission was first suggested by King (1956). King
pointed out that the angular distribution of the inten-
sity of radiation emerging from the atmosphere is the






